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-e-Ot 

T-r.5>o ^>IT% NT:*2 5 ^ 

i-t^o i<7)i-9*NT^^«g^ti:LrflJffl-r 

- 2 >ct 

[0039] IH 8 (iC N T7>Mt* -y v< 0 ^ 

•y V l- C N T -r <75 ^ -e ^ 9 o L 

7>‘L, *5 

LTv->^:^:^s#5-v>o 
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(57)Abstract; 

PROBLEM TO BE SOLVED: To provide a probe of high 
resolution and high rigidity.high bending elasticity, usable 
for a scanning type probe microscope, so as to provide 
the input and output probe capable of image-picking up a 
surface atomic image of high resolution and capable of 
being applied for a high density magnetic information 
processor. 

SOLUTION: This probe for operating a surface signal is 
composed of a a nanotube 24, a holder 2a for holding 
the nanotube 24, and a fixing means for fixing a base 
end part 24b of the nanotube 24 to a holder face in a 
condition where a tip part 24a of the nanotube 24 is 
projected. The tip part 24a of the nanotube 24 is used as 
the probe. A coating film 29 is formed as an example of 
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the fixing means. A coating film is also formed in an intermediate part 24c to enhance probing 
intensity and resolution. A generally used nanotube such as a carbon nanotube(CNT), a BCN 
nanotube, and a BN nanotube is used as the nanotube. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 


1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1] A probe for a surface signal scan of an electronic instrument characterized by consisting of 
fixed means to make an electrode-holder side fix that end face section 24b where a nanotube 24, 
electrode-holder 2a holding this nanotube 24, and point 24a of said nanotube 24 are made to project, and 
scarming a surface signal by making said point 24a into a probe. 

[Claim 2] Said fixed means is a probe for surface signal operation according to claim 1 which a 
necessary field which is a coating film 29 and contains said end face section 24b with the coating film is 
covered [ probe ], and makes electrode-holder 2a fix a nanotube 24. 

[Claim 3] A probe for surface signal operation according to claim 1 which formed NT bimch 25 which 
moreover made one of them two or more nano tubes 24 project most ahead in a bunch, and electrode- 
holder 2a was made to fix by using this NT bunch 25 as said nanotube 24. 

[Claim 4] A probe for surface signal operation according to claim 2 or 3 which formed a coating film 30 
for reinforcement in pars intermedia 24c near end face section 24b of point 24a in which said nanotube 
24 projected. 

[Claim 5] Claim 1 to which said electronic instrument is a scan mold probe microscope, and said 
nanotube 24 detects physical / chemical operation of a sample front face as a probe thru/or a probe for 
surface signal operation given in four. 

[Claim 6] A probe of a scanning tunneling microscope according to claim 5 which formed said 
electrode-holder 2a from a conductive material. 

[Claim 7] A probe of an atomic force microscope according to claim 5 which protrudes said electrode- 
holder 2a on cantilever 2b. 

[Claim 8] Claim 1 said electronic instrument is a magnetic information processor, and output and input 
magnetic information to magnetic-recording data medium with said nanotube 24 thru/or a probe for 
surface signal operation given in four. 

[Claim 9] Said nanotube 24 is claim 1 which is a carbon nanotube, a BCN system nanotube, or BN 
system nanotube thru/or a probe for surface signal operation given in eight. 

[Claim 10] The 1st process which voltage is impressed [ process ] between electrodes 22.23 in 
electrophoresis liquid 20 which distributed a nanotube 24 used as a probe, and makes a nanotube adhere 
to an electrode in the shape of projection. Microscopic access of an electrode to which this nanotube 24 
was made to adhere in the shape of projection, and the electrode-holder 2a is carried out. The 2nd 
process which transfers a nanotube 24 to electrode-holder 2a so that the end face section 24b may adhere 
to an electrode-holder side, after point 24a of a nanotube has projected, A manufacture method of a 
probe for surface signal operation of an electronic instrument characterized by consisting of the 3rd 
process which coating processing of the necessary field which contains the end face section of a 
nanotube adhering to an electrode-holder side at least is carried out [ process ], and makes electrode- 
holder 2a fix a nanotube 24 with this coating film 29. 

[Claim 1 1] A manufacture method of a probe for surface signal operation according to claim 10 of 
operating it, real-observing said 2nd process within an electron microscope, impressing voltage between 
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an electrode and an electrode holder in being required, and promoting transition of a nanotube. 

[Claim 12] A manufacture method of a probe for surface signal operation according to claim 10 or 1 1 
which formed NT bunch 25 which moreover made one of them two or more nano tubes project most 
ahead in a bunch, and electrode-holder 2a was made to fix by using this NT bunch 25 as said carbon 
nanotube 24. 

[Claim 13] Said nanotube 24 is the manufacture method of claim 10 which is a carbon nanotube, a BCN 
system nanotube, or BN system nanotube thru/or a probe for surface signal operation given in 12. 


[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 


1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 

[ 0001 ] 

[The technical field to which invention belongs] This invention relates to the probe for surface signal 
operation of the electronic instrument which uses nanotubes, such as a carbon nanotube, a BCN system 
nanotube, and BN system nanotube, as a probe. Further in details The concrete method of making an 
electrode holder fixing a nanotube is realized. For example, it uses as a probe of the scan mold probe 
microscope which detects physical / chemical operation of a sample front face, and picturizes a sample 
surface image, or is related with the probe for surface signal operation and its manufacture method of the 
electronic instrument which can be used as a probe for I/O of a magnetic disk drive. 

[ 0002 ] 

[Description of the Prior Art] Although there was an electron microscope conventionally as a 
microscope which observes a sample front face for a high scale factor, if it was not among a vacuum, in 
order that an electron beam might not fly, there were problems various in an experiment technology top. 
However, the microscopical technique called scan mold probe microscope which can observe a front 
face on atomic level also in atmospheric air came to be developed in recent years. When a sample front 
face is made to carry out microscopic access of the probe in the tip of a probe in atomic size, it is the 
microscope which makes a sample surface image appear from a detecting signal, detecting physical / 
chemical operation from each sample atom by the probe, and making a probe scan on a front face. 

[0003] The first thing is a scanning timneling microscope (it is also called STM for short), and if a probe 
with an acute head is made to approach to the distance which senses the attraction from a sample front 
face, for example, about Inm, (gravitation field), tunnel current will flow out between a sample atom 
and a probe. A probe is made to scan to a sample front face, carrying out distance of the probe so that 
tunnel current may become fixed, since irregularity is shown in a sample front face on atomic level. 

Since the far and near signal of a probe corresponds to surface irregularity, it is equipment which can 
picturize a sample surface image on atomic level. The weak spot is a point which must be radicalized in 
the head of a probe which consists of a conductive material, in order to raise resolution. 

[0004] The probe of STM carries out radicalization processing of the wire rods, such as platinum, a 
platiniridium, and a tungsten, and is formed. The mechanical grinding method and electrolytic polishing 
are used for radicalization processing. For example, the sharp fracture surface is acquired only by the 
nipper of a tool cutting a platiniridium. However, repeatability being not only indefinite but the head 
radius of curvature is as large as lOOnm order, and inadequate for obtaining an atomic image with an 
irregular clear sample front face. 

[0005] Electrolytic polishing is used for a tungsten probe. Drawing 19 is the schematic diagram of 
electrolytic-polishing equipment. The wolfram electrode 81 used as a platinum electrode 80 and a probe 
is connected to AC power supply 82, and it hangs in the sodium-nitrite aqueous solution 83. A wolfram 
electrode 81 is gradually dissolved in a solution as current flows, and a head is finished needlelike. At 
the time of polishing termination, a head separates from an oil level, and the tungsten probe 84 shown in 
drawing 20 is completed. However, head radius of curvature cannot picturize irregularity more than a 
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number atom for this tungsten probe vividly by about lOOnm. 

[0006] Next, the developed scan mold probe microscope is an atomic force microscope (it is called 
AFM for short). In STM, in order to pass tunnel current, a probe and a sample must be conductors in 
principle. Then, AFM was developed in order to see the front face of the non-conductive matter. With 
this equipment, the cantilever 85 shown in drawing 21 is used. The back of this cantilever 85 is fixed to 
a substrate 86, and, ahead, the pyramid-like probe 87 is formed. The acute section 88 is formed at the 
head of a probe of radicalization processing. A scan actuator is equipped with a substrate 86. If even 3 A 
(0.3nm) makes the acute section 88 approach a sample front face, it will be in the condition of receiving 
repulsive force from a sample atom. If a probe is scanned along a sample front face in this condition, 
according to surface irregularity, a probe 87 will carry out vertical fluctuation according to said 
repulsive force, and a cantilever 85 will bend according to it like a "lever." The gap of whenever [ angle- 
of-reflection / of the laser beam irradiated by the back of a cantilever 85 ] detects this bending, and a 
surface image is made to appear. 

[0007] Drawing 22 is manufacturing process drawing by the semiconductor planar technique of said 
probe. An oxide film 90 is formed in both sides of a silicon wafer 89, a crevice 91 is made from 
lithography and etching to the part, and the portion is also covered with an oxide film 92. Oxide films 90 
and 92 are changed to Si3N4 film 93 by nitrification, the whole rear face and a part are etched, and the 
cutting section 94 is made. On the other hand, the large crevice 96 is formed in glass 95, and anode plate 
cementation is carried out on said Si3N4 film 93. Then, the target probe will be done, if the glass section 
97 is cut, etching clearance of the silicon section 98 is carried out and the gold film 99 for a laser echo is 
formed. That is, a cantilever 85, a substrate 86, a probe 87, and the acute section 88 are completed. 
[0008] Although this planar technique is fit for mass production, it is a problem whether it can be how 
far radicalized in the acute section 88. Etching processing of the head of a crevice 91 will be carried out 
sharp after all, or the head of a probe 87 will be etched and made sharp. However, it was difficult for 
these etching processings to also make the head radius of curvature of the acute section 88 smaller than 
lOnm. Although the irregularity on the front face of a sample is atomic size and this needed to be set to 
lOnm or less for converting into a video signal vividly, having attained with this technology was 
impossible. 

[0009] If artificial polishing and planar technique become impossible, it will become an important 
problem what is used for the probe used as the conclusive factor of a probe. One is a direction which 
uses a whisker (crystal whisker). The zinc-oxide whisker was actually used as a probe. Rather than the 
pyramid probe by planar technique, since a whisker probe has a point angle and small head curvature, a 
sharp image is acquired. However, the manufacturing method of a whisker is not established and to 
make the conductive whisker for STM simultaneously is not attempted yet. Moreover, a cross-section 
diameter is the actual condition that the whisker lOnm or less desired is not obtained yet. Moreover, 
these probes had many problems, such as breaking easily in strong contact on a sample front face, or 
wearing out immediately also in the state of anticipated use, and becoming activity impossible. 

[0010] Then, the idea which is going to become recent years and is going to use a carbon nanotube for a 
probe appeared. Since a carbon nanotube is conductivity, it can be used for AFM and STM. J. The 
carbon nanotube probe is proposed as a high-resolution probe which converts a biological system into a 
video signal in Am.Chem.Soc.l20 volume (1998) 603 page. However, about how only carbon 
nanotubes are collected out of the most important point, i.e., carbon mixture, and fixing a carbon 
nanotube to an electrode holder how, it is completely unsolved. Also in this reference, that in which the 
carbon nanotube adhered to the electrode holder by chance is used for AFM. Moreover, although the 
BCN system nanotube and BN system nanotube were developed as a nanotube in addition to the carbon 
nanotube, it was a field completely strange about the directions of these nanotubes. 

[001 1] Moreover, although the talk changes, a memory apparatus is evolving into a hard disk drive unit 
from a floppy disk drive unit further to high-density disk equipment as the memory space of a computer 
increases in recent years. If information is stuffed into high density by small space, since the size per 
information will become small, what also has a more detailed probe for the I/O is needed. With 
conventional magnetic-head equipment, it is impossible to make it smaller than fixed, and the limit was 
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generated to the trend to densification. 

[ 0012 ] 

[Problem(s) to be Solved by the Invention] As mentioned above, the systematic conventional technology 
which is radicalized in a probe is electrolytic-polishing processing of a metal wire rod, and the 
lithography of a semiconductor and etching processing. However, since it could not be radicalized in 
about lOOnm in the head radius of curvature of a probe in these processings, it was very difficult to 
convert vividly the irregularity more than the number atom on the front face of a sample into a video 
signal. Moreover, the acutance of image which cuts a metal wire rod mechanically by tools, such as a 
nipper, and is obtained was also inadequate for catching a concavo-convex image vividly. The whisker 
was also still indefinite technology, and if it resulted in nanotube probes, such as a carbon nanotube, it 
was a future technical problem. Moreover, conventional magnetic-head equipment was also approaching 
the limit in size. 

[0013] Therefore, this invention is proposing the target thing using a nano tube as a probe for surface 
signal operation, and establishing the concrete structure and its manufacture method of a probe of a 
nanotube probe. It is that it is shown that it is the probe which this nanotube probe does not damage 
simply in atomic heights at the time of a probe scan, that a probe is firmly fixable to an electrode holder 
so that a probe may not separate from an electrode holder then, and that a probe can be mass-produced 
further cheaply. Moreover, it is that it is shown that the biological material for which observation of a 
high resolution was conventionally impossible is vividly observable. 

[0014] 

[Means for Solving the Problem] this invention be make in order to attain the above-mentioned technical 
problem , and a probe for surface signal operation of an electronic instrument concerning this invention 
consist of fixed means to make an electrode holder side fix that end face section where a nanotube , an 
electrode holder holding this nanotube , and a point of said nanotube be make to project , and have the 
feature at a point of operate a surface signal by make said point into a probe . Said fixed means is a 
coating film and a probe for surface signal operation which a necessary field which contains said end 
face section with this coating film is covered [ probe ], and makes an electrode holder fix a nanotube is 
proposed. Moreover, NT bunch which moreover made one of them two or more nanotubes project most 
ahead in a bunch is formed, and a probe for surface signal operation which an electrode holder was 
made to fix by using this NT bunch as said nanotube is proposed. Simultaneously, a probe for surface 
signal operation which formed a coating film for reinforcement also in pars intermedia near the end face 
section among points of a nanotube is proposed. 

[0015] Said electronic instrument is a scan mold probe microscope, and a probe for surface signal 
operation with which said nanotube detects physical / chemical operation of a sample front face as a 
probe is proposed. A scanning tunneling microscope, an atomic force microscope, etc. are contained in 
this scan mold probe microscope. Moreover, said electronic instrument is a magnetic information 
processor, and a probe for surface signal operation which outputs and inputs magnetic information to 
magnetic-recording data medium with said nanotube is proposed. Furthermore, a probe for surface 
signal operation said whose nanotube is a carbon nanotube, a BCN system nanotube, or BN system 
nanotube is proposed. 

[0016] The 1st process which voltage is impressed [ process ] to inter-electrode [ in electrophoresis 
liquid which distributed a nano tube used as a probe as the manufacture method of this probe ], and 
makes a nanotube adhere to an electrode in the shape of projection. The 2nd process which transfers a 
nanotube to an electrode holder so that that end face section may adhere to an electrode-holder side, 
after it carried out microscopic access of an electrode and an electrode holder to which this nanotube 
was made to adhere in the shape of projection and a point of a nanotube has projected, A process of a 
probe for surface signal operation of an electronic instrument which consists of the 3rd process which 
coating processing of the necessary field including a end face section field of a nanotube adhering to an 
electrode-holder side is carried out [ process ], and makes an electrode holder fix a nanotube with this 
coating film is proposed. 

[0017] It is operated real-observing said 2nd process within a scanning electron microscope, and in 
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being required, it proposes a process of a probe which voltage is impressed [ probe ] between an 
electrode and an electrode holder and promotes transition of a nanotube. NT bunch which moreover 
made one of them two or more nanotubes project most ahead in a bunch is formed, and a process of the 
above-mentioned probe for surface signal operation which an electrode holder was made to fix by using 
this NT bunch as said nanotube is proposed. Furthermore, a process of a probe for surface signal 
operation said whose nanotube is a carbon nanotube, a BCN system nanotube, or BN system nanotube is 
proposed. 

[0018] 

[Embodiment of the Invention] The electronic instrument using the probe which operates a surface 
signal is called electronic instrument in this invention. For example, a scan mold probe microscope is 
contained in this electronic instrument, and this is equipment which picturizes the surface atomic 
arrangement of a sample using a probe. Moreover, a magnetic information processor is also contained in 
this electronic instrument, for example, magnetic disk drives, such as a hard disk, are outputting by 
using the magnetic head as a probe and inputting magnetic information. Therefore, when exchanging a 
signal between partner front faces, the probe for surface signal operation of this invention not only 
detects the condition and signal on the fi*ont face of a partner, but is included. As an electronic 
instrument in this invention, a scan mold probe microscope is mainly taken up in below, and this 
invention is explained to it in detail. 

[0019] A scan mold probe microscope is a microscope which makes a sample surface image appear 
fi'om a detecting signal, detecting physical / chemical operation received from the atom on the front face 
of a sample by the probe of a probe, and making a probe scan on a front face. A probe is a sensor which 
detects physical / chemical operation, and a probe says what attached the probe. Although the structures 
of a probe differ for every class of physical / chemical operation to detect, i.e., microscope, what 
common is the probe electrode holder which fixed a minute probe and this probe to one. In this 
invention, a nanotube is used as a probe. 

[0020] The scanning tunneling microscope which detects tunnel current in a scan mold probe 
microscope (STM), The atomic force microscope which detects surface irregularity by Van der Waals 
force (AFM), The horizontal-force microscope (LFM) which detects the difference in a front face by 
frictional force, the magnetic force microscope which detects the magnetic interaction between the 
magnetic field fields of a magnetic probe and a sample side (MFM), There are an electric-field force 
microscope (EFM) which impresses voltage between a sample and a probe and detects electric-field 
force inclination, a chemical potential microscope (CFM) which images surface distribution of a 
chemistry functional group. These microscopes are common at the point which is going to detect the 
characteristic physical / chemical operation by the probe, and is going to picturize a surface atomic 
arrangement. 

[0021] Drawing 1 is the block diagram of the scanning tunneling microscope (STM) with which this 
invention is applied. The nanotube probe 1 fixes to electrode-holder 2a, and serves as the probe 2 for 
detection. The fixing method is mentioned later. It fits into end slot 3a of the electrode-holder set section 
3, and this electrode-holder 2a is fixed free [ attachment and detachment ] with spring pressure. The scan 
actuator 4 which consists of X piezo 4x and Y piezo 4y and Z piezo 4z does the flexible scan of the 
electrode-holder set section 3 in the direction of a three dimension of XYZ, and realizes the scan to the 
sample 5 of the nanotube probe 1. For bias power supply and 7, as for Z five-axis-control circuit and 9, a 
tunnel current detector and 8 are [ 6 / an STM display and 10 ] XY scanning circuits. 

[0022] Flexible control of the nanotube probe 1 is carried out in Z five-axis-control circuit at a Z 
direction so that tunnel current may become fixed in each XY location, and this movement magnitude 
turns into the amount of irregularity of Z shaft orientations. The surface atom image of a sample 5 is 
displayed on an STM display as XY scan of the nanotube probe 1 is carried out. In this invention, in 
exchanging the nanotube probe 1, electrode-holder 2a is removed from the electrode-holder set section 
3, and it exchanges by one as a probe 2. 

[0023] Drawing 2 is the block diagram of an atomic force microscope (AFM), and the nanotube probe 1 
fixes to electrode-holder 2a of right-triangle-like PIRAPIDDO which exists at the head of cantilever 2b, 
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contacts at right angles to a sample 5, and reads a sample signal to accuracy. It is fixed to substrate 2c 
and cantilever 2b is fixed to the electrode-holder set section which is not illustrated free [ attachment and 
detachment ]. In this format, nanotube probe 1, electrode-holder 2a, cantilever 2b, and substrate 2c 
constitutes a probe 2 as one, and it is exchanged in the whole probe 2 at the time of exchange of a probe. 
For example, what is necessary is just to fix by the method of mentioning a nanotube probe later to this, 
if the probe 87 of the shape of a conventional pyramid shown in drawing 20 is utilized as electrode- 
holder 2a. A sample 5 is driven in the XYZ direction by the scan actuator 4 which consists of a piezo- 
electric element. For a reflective mirror and 13, as for a XYZ scanning circuit and 15, a two-piece- 
housing photodetector and 14 are [ 1 1 / semiconductor laser equipment and 12 / an AFM display and 
16 ] Z-axis detectors. 

[0024] A sample 5 is made to approach Z shaft orientations until it becomes a predetermined repulsive- 
force location to the nanotube probe 1, and where Z location is fixed after that, the scan actuator 4 is 
scanned in the XY direction in a scanning circuit 14. At this time, with the irregularity of a surface atom, 
cantilever 2b bends, and the reflected laser beam LB carries out location displacement, and carries out 
incidence to the two-piece-housing photodetector 13. The amount of displacement of Z shaft 
orientations is computed in the Z-axis detector 16 from the difference of the amount of photodetection of 
the up-and-down detectors 13a and 13b, and a surface atom image is displayed for this amount of 
displacement on the AFM display 15 as an atomic amount of irregularity. Although the sample 5 is 
made the configuration which carries out a XYZ scan with this equipment, the XYZ scan of the probe 2 
may be carried out a probe side. Moreover, you may make it vibrate so that the nanotube probe 1 may 
strike the front face of a sample 5 lightly. 

[0025] The nanotube probe 1 shown in drawing 1 and drawing 2 is the nanotube itself, such as a carbon 
nanotube, a BCN system nanotube, and BN system nanotube. The carbon nanotube (it is also hereafter 
called CNT) was first discovered also in it. Conventionally, a diamond, graphite, and amorphous carbon 
are known as a stable allotrope of carbon, and the condition that those structures were also almost 
determined by X-ray analysis etc. was suited. However, in the steam-cooling object obtained by 
irradiating graphite by high energy laser in 1985, the fullerene which the carbon atom arranged in the 
shape of a football will be discovered, and it will be written by C60. Furthermore, the carbon nanotube 
which the carbon atom arranged to tubed in the cathode sediment generated by DC arc discharge came 
to be discovered in 1991. 

[0026] The BCN system nanotube was compounded based on discovery of this carbon nanotube. For 
example, the mixed powder of amorphous boron and graphite is evaporated in stuffing and nitrogen gas 
on a graphite rod. Moreover, a sintering BN rod is evaporated in stuffing and gaseous helium on a 
graphite rod. Furthermore, BC4N is used into an anode plate, graphite is used as cathode, and arc 
discharge is carried out in gaseous helium. The BCN system nanotube with which a part of C atom in a 
carbon nanotube was replaced by B atom and N atom by these methods was compoimded, and the 
multilayer nanotube BN layer and C layer carried out [ the nanotube ] the laminating to the shape of the 
said heart was compounded. 

[0027] Moreover, recently, BN system nanotube was compounded very much. This is a nanotube which 
hardly contains C atom. For example, a carbon nanotube and B-203 powder are put in into a cmcible, 
and it heats in nitrogen gas. Consequently, most C atoms in a carbon nanotube can change into BN 
system nanotube replaced by B atom and N atom. Therefore, as a nanotube of this invention, a nanotube 
with common not only a carbon nanotube but BCN system nanotube, BN system nanotube, etc. can be 
used. 

[0028] Since these nanotubes have taken the almost same matter structure as a carbon nanotube, 
structure explanation makes a carbon nanotube an example and describes it below. The thing of various 
kinds of configurations where length is the cylindrical carbon matter which has the pseudo-single 
dimension-structure which is several micrometers in about Inm - dozens of nm, and a diameter shows a 
carbon nanotube (CNT) to drawing 3 from a transmission electron microscope photograph is checked. 
The head has closed (a) with the polyhedron, the head is opening (b), the head has closed (c) in the cone 
form, and the head has closed (d) with the beak shape. In addition, it is also known that the thing of a 
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half-doughnut mold exists. 

[0029] It turns out that it is a cylinder with the helical structure which the atomic arrangement of a 
carbon nanotube could shift the graphite sheet, and was rounded off. In order to close the end face of the 
cylinder of CNT, it turns out that what is necessary is just to put in six five membered rings at a time. 
That a head configuration is various like drawing 3 ****$ with the method of arrangement of a five 
membered ring being various. It turns out that drawing 4 shows an example of the head structure of a 
carbon nanotube, and it changes from a flat surface to a curved surface, and has structure which the head 
closed by arranging a six membered ring around a five membered ring. A round head is a carbon atom, a 
continuous line portion shows a side front and the dotted-line portion supports the backgrovmd. For 
various **** reasons, the versatility of head structure appears to the arrangement method of a five 
membered ring. 

[0030] Since not only a carbon nanotube but the common nanotube is having such tube structure, the 
rigidity of a nano tube to the direction of a medial axis or the direction of bending is very strong, and is 
very stable chemically and thermally like graphite etc. Therefore, when it uses as a probe, it is hard to 
fracture even if it collides with surface atomic heights at the time of a scan. Moreover, since the cross- 
section diameter is distributed over dozens of nm from about Inm as mentioned above, if a nanotube 
with small radius of curvature is chosen, it will serve as most suitable material as a probe which can 
picturize the fine structure in atomic level vividly. And since it has conductivity, it is utilizable also as a 
probe for STM only as a probe for AFM. Furthermore, since it is hard to break, it can use also as a probe 
of other scan mold probe microscopes, such as a horizontal-force microscope. 

[0031] Since the process is easy also in a nanotube, it is the carbon nanotube it has turned [ carbon 
nanotube ] to cheap mass production method. It turns out that a carbon nanotube is generated in the 
cathode sediment of arc discharge. Moreover, if an arc discharge method is improved and a catalyst 
metal is made to mix all over an anode plate, it has also turned out that the carbon nanotube of a 
monolayer is obtained. A carbon nanotube is compoundable with the CVD method which used catalyst 
metal particles, such as nickel except an arc discharge method, and cobalt, as the base material. 
Furthermore, if high power laser light is irradiated under an elevated temperature at the graphite in 
which the catalyst metal was made to mix, it also turns out that a monolayer carbon nanotube is 
compoundable. Moreover, these carbon nanotubes also understand that what connoted the metal exists. 
Moreover, as mentioned above, it turns out that a BCN system nanotube, BN system nanotube, etc. can 
be cheaply manufactured by the arc discharge method, the crucible heating method, etc., and causes, and 
the technology of making a metal atom connoting in a nanotube is also being developed. 

[0032] However, for example in the manufacture process of a carbon nanotube, it turns out that it is not 
generated by the simple substance, but only a carbon nanotube is mixed with the carbon nano particle (it 
is also hereafter called CP for short) of a large quantity, and is generated. Therefore, it will be the 
requisite for this invention how CNT is recoverable from this mixture to high density. 

[0033] this invention person etc. has already proposed the purification method of CNT and refiner by the 
electrophoresis method in Japanese Patent Application No. No. 280431 [ ten to ] about this point. CNT 
can be refined, if carbon mixture is distributed and direct current voltage or alternating voltage is 
impressed into electrophoresis liquid. If direct current voltage is impressed, CNT will arrange in the 
shape of a serial to cathode. If alternating voltage is impressed, CNT will arrange in the shape of a serial 
to both cathode and anode plate by formation of ununiformity electric field. Since the electric mobility 
of CP was smaller than CNT, the purification of CNT of it was attained with the electrophoresis method 
using this difference. It has checked that not only a carbon nanotube but a BCN system nanotube and 
BN system nanotube could use this electrophoresis method for purification. 

[0034] This electrophoresis method is used also in operation of this invention. That is, the nanotube by 
which purification recovery was carried out by the above-mentioned method is distributed in another 
pure electrophoresis liquid. Into this, by using metal plates, such as knife edge, as an electrode, if 
opposite arrangement is carried out and direct current voltage is impressed to this, a nanotube will 
adhere to cathode in the shape of a rectangular cross. If an electrode is arranged so that ununiformity 
electric field may be formed in the case of alternating voltage, a nanotube will adhere to two poles in the 
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shape of a rectangular cross. This adhering electrode is used for the manufacturing process of this 
invention. Of course, other methods of making a nanotube adhere to a knife-edge-like metal plate may 
be used. 

[0035] A nanotube can be distributed as said electrophoresis liquid and the anything in which a 
nanotube carries out electrophoresis can be used. That is, while a solvent is dispersion liquid, it is also 
migration liquid. As this solvent, an aquosity solvent, organic solvents, or those mixed solvents can be 
used, for example, well-known solvents, such as water, an acidic solution, an alkaline solution, alcohol, 
the ether, the petroleum ether, benzene, ethyl acetate, and chloroform, can be used. More specifically, 
general-purpose organic solvents, such as isopropyl alcohol (IP A), ethyl alcohol, an acetone, and 
toluene, can be used. For example, in the case of IP A, it has the carboxyl group as an ion kind of 
electrophoresis. Thus, what is necessary is just to choose as a solvent synthetically in consideration of 
the electrophoresis engine performance of a nanotube, dispersibility ability, stability, safety of 
distribution, etc. 

[0036] The case of CNT is shown in drawing 5 as an example of a direct-current electrophoresis 
method. The electrophoresis liquid 20 which distributed CNT is collected in the hole of a glass substrate 
21. Into liquid, opposite arrangement of knife edge 22 and 23 is carried out, and DC power supply 18 
are impressed. In electrophoresis liquid, although it is not visible to a naked eye, a very small carbon 
nano tube (CNT) exists innumerably. This CNT adheres to head marginal 22a of knife edge 22 of 
cathode in the shape of a rectangular cross. This can be checked with an electron microscope. Although 
the ununiformity electric field where line of electric force curved are formed in the direction which 
intersects perpendicularly to a knife-edge flat surface between two electrodes with this equipment, even 
if it forms homogeneity electric field, it can use as a direct-current electrophoresis apparatus. It is 
because migration speed is not only fixed and electrophoresis is possible in ununiformity electric field. 
[0037] The case of CNT is shown in drawing 6 as an example of an alternating current electrophoresis 
method. The electrophoresis liquid 20 which distributed CNT is collected in the hole of a glass substrate 
21. Into liquid, opposite arrangement of knife edge 22 and 23 is carried out, and AC power supply 19 is 
impressed through amplifier 26. Among two poles, the same ununiformity electric field as drawing 5 
act. Since local ununiformity electric field are actually formed even if it does not constitute ununiformity 
electric field intentionally, electrophoresis is realizable. In this drawing, the alternating current of 5MHz 
and 90 V is impressed. CNT adheres to the head edges 22a and 23 a of knife edge of two electrodes in the 
shape of a rectangular cross. 

[0038] Drawing 7 is a conceptual diagram in the condition that the nanotube 24 adhered to head 
marginal 23a of knife edge 23. Although the nanotube 24 has adhered to head marginal 23a in the shape 
of a rectangular cross mostly, there are some which cross diagonally. Moreover, two or more nanotubes 
may gather, it may have adhered in the shape of a bunch, and this is called the NT bunch 25 (you may 
call it a nanotube bunch). The radius of curvature of a nanotube is distributed even over dozens of nm 
from about Inm. Although it has the advantage which can observe the irregularity of an atomic plane 
finely when a thin nanotube is chosen as remainder as a probe in this, a nanotube may begin an 
oscillation by the native mode conversely, and, then, resolution falls. Then, if the NT bunch 25 is used 
as a probe, the nanotube which projects most ahead in it will do a direct probe function so, and other 
nanotubes will carry out the operation which controls an oscillation. Therefore, such a NT bunch can 
also be used as a probe. 

[0039] Drawing 8 is the scanning electron microscope image of knife edge to which CNT adhered. 
Probably, it turns out that CNT adheres to knife edge simply only in electrophoresis actuation. However, 
CNT has more direction which has crossed diagonally and adhered rather than intersecting 
perpendicularly with a head edge. 

[0040] Processing special for a strength test is carried out to knife edge shown by drawing 8 . In this 
electron microscope equipment, the organic substance as an impurity is contained considerably. Then, 
when the electron beam was irradiated to this knife edge, it turned out that the carbon film which makes 
said impurity the fountainhead is formed in this knife-edge front face. Although these details are 
mentioned later, only a part covers CNT and this carbon film is formed in a knife-edge front face. That 
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is, the function in which a carbon film makes knife edge fix CNT which had only adhered to knife edge 
is achieved. Other nanotubes other than CNT can be processed similarly. 

[0041] The mechanical strength of CNT on this knife edge was examined. A head pushes by the acute 
angle member to CNT. Drawing 9 and drawing 10 are the scanning electron microscope images of 
Ushiro who pushed with Saki who pushes. CNT has bending elasticity even if it curves in the shape of a 
semicircle, to the extent that it does not break so that drawing 10 may show clearly. If it stops pushing, it 
will return to the condition of drawing 9 . It is also proved [ this ] that the carbon film is fixing CNT 
firmly. Thus, even if it curves, it has the fixing force like not making CNT secede fi'om knife edge. This 
high intensity and high elasticity are a property common to a nanotube, and a nanotube with common 
BCN system nanotube, BN system nanotube, etc. is the greatest advantage which can be used for the 
probe of a probe like CNT. 

[0042] Drawing 1 1 is plant layout drawing which transfers a nanotube to the electrode holder for AFM. 
Electrode-holder 2a protrudes at the head of cantilever 2b in the shape of a pyramid. This is the member 
made from silicon manufactured by semiconductor planar technique. Usually, although pyramid-like 
heights are used as an AFM probe, in this invention, these pyramid-like heights are diverted to 
electrode-holder 2a. The nanotube 24 of knife edge 23 is transferred to this electrode-holder 2a, and let 
this nanotube 24 be a probe. As for the nanotube on knife edge, it is natural to only have adhered and not 
to make it fix by the film. These actuation is performed carrying out real-time observation in the 
scanning electron microscope room 27. Cantilever 2b is movable in the direction of a three dimension of 
XYZ, and knife edge 23 can carry out migration actuation in the two-dimensional direction of XY. 
Therefore, very detailed actuation is attained. 

[0043] Drawing 12 is a plot plan in front of transition of a nano tube. The head of electrode-holder 2a is 
made to approach a nanotube 24 microscopic, carrying out direct observation with an electron 
microscope. By the tip of electrode-holder 2a, electrode-holder 2a is arranged so that a nanotube 24 may 
be divided into the point chief L and the end face division manager B. Moreover, transition DC power 
supply 28 for acceleration of transition are arranged, and cantilever 2b is set to a cathode side. However, 
since it depends for the polarity of DC power supply also on the construction material of a nanotube, 
polarity is doubled in the direction which promotes transition. Impression of this voltage promotes 
transition of a nanotube. What is necessary is just to carry out adjustable [ of it ] according to a transition 
condition from several volts, although dozens of volts of a voltage value are sufficient. Moreover, this 
power supply 28 may not exist. If the access distance D becomes smaller than a specific distance, 
attraction acts among both, and a nanotube 24 will **** to electrode-holder 2a automatically, and will 
transfer to it. The occurrence of length L and B approaches the layout value of a schedule, so that access 
distance D is shortened. 

[0044] Drawing 13 is a plot plan in the condition that the nanotube 24 adhered to electrode-holder 2a. 

As for a projection and its end face section 24b, as for the point 24a, only the point chief L has adhered 
to electrode-holder 2a by the end face division manager's B length. The point 24a becomes a probe. 
Instead of making one nanotube 24 adhere, the NT bunch 25 can also be made to adhere. Moreover, if 
transition adhesion of the one nanotube 24 is carried out in many steps, it will become the same as 
making the NT bunch 25 adhere. Since 1 one nanotube is adjusted to arbitration and it can adhere when 
it divides into many times, the nanotube which projected most ahead serves as a probe, and a 
surrounding nanotube controls resonance of the whole probe, it is stable and can create the probe of a 
high resolution. 

[0045] Next, a coating film is formed in the necessary field containing end face section 24b, and 
electrode-holder 2a is made to fix a nanotube 24 firmly. The coating film 29 covers end face section 24b 
from a top, and is formed so that drawing 14 may show, even if point 24a used as a probe was caught in 
atomic heights with the coating film 29, the probe mentioned above — as — only bending in the bow 
condition - it is - separating fi-om electrode-holder 2a, or breaking ****-- etc. - failure can be 
prevented. The nanotube 24 will be desorbed from electrode-holder 2a at the same time point 24a will be 
caught, if this coating film 29 does not exist. 

[0046] Next, the shaping method of the coating film 29 is explained. The carbon matter which was 
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mentioned above and which will float in the electron microscope room 27 if an electron beam is 
irradiated to end face section 24b like deposits one near the end face section, and it forms a carbon film. 
Let this carbon film be a coating film. In the electron microscope room 27, minute amount installation of 
the reactant coating gas is carried out, an electron beam decomposes this, and the coating film of the 
request matter is formed the 2nd. In addition to this, the general coating method is employable. For 
example, CVD (it is also called the chemistry gaseous-phase depositing method) and PVD (it is also 
called physical vapor deposition) can be used. In a CVD method, the material is heated beforehand and 
reaction growth of the coat is carried out for reactant coating gas in respect of a sink and a material list 
there. Moreover, the low-temperature plasma method which plasma-izes reactant gas and a material-list 
side is made to carry out coat formation is also one of the CVD(s). On the other hand, there are various 
kinds of methods, such as the ion plating method and the sputtering method, in PVD from simple 
vacuum deposition. These methods can apply to this invention selectively, and even a conductive 
material can be widely used for a coat material according to the use from an insulating material. 

[0047] Drawing 15 is the scanning electron microscope image of the completed probe. It turns out that 
CNT has fixed in the electrode holder as layout. The artificer etc. photoed the AFM image of a 
deoxyribonucleic acid (DNA) in order to measure the resolution and constancy of this probe. Drawing 
16 is the AFM image of DNA and that DNA is crossed or twisted has photoed it clearly. As far as an 
artificer etc. gets to know, this is the first time that the DNA image clear in this way was obtained until 
now. As long as it judges from drawing 16 , head radius of curvature is 1.2nm or less, and the probe 
created by this invention can understand that it is very effective on science research. 

[0048] Drawing 18 is other shaping methods of a coating film. In order to acquire the image of a high 
resolution, the smaller one of the head radius of curvature of a nanotube 24 is good. However, if long 
and slender as mentioned above, a point may carry out a minute oscillation and an image may fade. So, 
when the thin nanotube 24 is used, the coating film 30 is formed in the field near end face section 24b of 
point 24a, i.e., pars intermedia 24c. It is effective in pressing down a minute oscillation with the coating 
film 30, since pars intermedia 24c becomes thickly and thick. This coating film 30 may be 
simultaneously formed in coating film 29 creation time with the same material, and may be formed with 
other materials. If it carries out like this, the tip of a nanotube 24 is thin and can create the probe which 
moreover consists Of one nanotube with the thick origin. That is, even if it does not use the NT bunch 
25, the probe of a high resolution and high-reliability can be created with one thin nanotube. 

[0049] Drawing 18 is the important section perspective diagram of the probe 2 of a scanning tunneling 
microscope. A nanotube 24 makes point 24a project, and this portion serves as a probe. End face section 
24b has fixed with the coating film 29 on electrode-holder 2a. It is intelligible when it is made to 
correspond with the probe 2 of drawing 1 . Since the operation and effect are the same as that of drawing 
14 , they omit the details. 

[0050] The same probe as drawing 18 can use as a probe for I/O of a magnetic disk drive. At this time, 
an iron atom is embedded at the head of a nanotube, and a magnetic operation is given to a nanotube. 
Since a nanotube is tubed structure, it can make various kinds of atoms contain in a cylinder. As this 
one, a ferromagnetic atom is made to contain and magnetic susceptibility is given to a nanotube. Of 
course, ferromagnetic atoms other than iron are sufficient. The head radius of curvature of a nanotube 
can output and input about Inm - dozens of nm and the data recorded by high density all over minute 
space since it was very small to high degree of accuracy. 

[0051] This invention is not limited to the above-mentioned example, and includes the various 
modifications in the range which does not deviate from the technical thought of this invention, a design 
change, etc. within the technical limits. 

[0052] 

[Effect of the Invention] As explained in full detail above, this invention consists of fixed means to 
make an electrode-holder side fix that end face section where a nanotube, the electrode holder holding 
this nanotube, and the point of said nanotube are made to project, and relates to the probe for surface 
signal operation and process of the electronic instrument which makes the point of said nanotube a 
probe. The coating film is used as one of the fixed means of the. Thus, since a nanotube was made into a 
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probe, when head radius of curvature is small and it used for the scan mold probe microscope, and the 
surface atom image of a high resolution can be picturized and it uses for the probe of a magnetic 
information processor, the input/output control of the magnetic information on high density can be 
carried out to high degree of accuracy. 

[0053] Since rigidity and bending elasticity are very high, it cannot damage, even if it hits a partner 
body, and a nanotube can attain reinforcement of a probe. Moreover, since a carbon nanotube exists in a 
large quantity in the cathode sediment of arc discharge and other BCN system nanotubes and BN system 
nanotubes can also be manufactured to preparation by the similar method, the material cost is very 
cheap. And by the manufacture method of this invention, since a probe can be mass-produced cheaply, 
low-pricing of a probe can be realized and research and economic activation can be attained. Since a 
large quantity can moreover be especially provided with STM required for a new matter invention, or 
the long lasting probe of AFM cheaply, it can contribute to acceleration of new ED. 


[Translation done.] 
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